Introduction
Air quality modelling at met.no consists of three different systems, all coupled off-line to our numerical weather prediction models. These are: 1) a nuclear emergency system, 2) an urban air quality forecasting system and 3) a long-term air quality chemical transport model routinely used in Europe to determine transboundary pollution fluxes.
The first system, the "Severe Nuclear Accident Program" (SNAP) model was developed at met.no to allow emergency risk assessment (Saltbones et al., 1995 (Saltbones et al., , 1998 . This is a Lagrangian particle model transporting gases, noble gases, particles of different size and density. The modeled processes are advection and diffusion by random walk, dry deposition with gravitational settling velocity parameterization for particles and wet deposition as function of size and precipitation for particles. The model is operated by forecasters and the Norwegian Radiation Protection Authority in case of nuclear accident.
It runs on meteorological input from operational HIRLAM (10 and 20 km horizontal resolution) and from ECMWF (Bartnicki et al., 2005) .
The second system, the urban air quality information system runs operationally at met.no and consists of the chemical dispersion model AirQUIS developed at Norwegian Institute for Air Research and the non-hydrostatic NWP model MM5 in 1km horizontal resolution nested in HIRLAM (Berge et al., 2002) . AirQUIS is a Eulerian gridpoint model with point source emissions, line source emissions and area source emissions. The prognostic components of the model are PM 10 , cities in 1x1km horizontal resolution in both meteorological and air quality model. It is used PM 2.5 and nitrogen dioxide (NO 2 ) . The system runs daily 48 hours forecasts for 6 Norwegian cities, with main focus in forecasting urban air quality during winter season. The cities under study are located in low elevated areas surrounded by hills and mountains. Winter time inversions inhibit ventilation of pollution and thus main exceedances of critical pollution levels occur in Norway during winter. The forecasts are distributed to end-users via newspapers, mobile network and internet. Simpson et al., 2003) 
Off-line coupling of meteorological and chemical transport models

Evaluation of urban air quality forecasts
Regular forecasts are produced with MM5/AirQUIS. The meteorological and the air quality forecasts are evaluated against observations and reported on a yearly basis. Summary statistics and case studies are produced. In Figure 1 forecasts for the air quality station Alnabru is compared to air quality observations at Alnabru and to meteorological observations at the two closest stations Valle Hovin and Blindern. The missing peak in the NO 2 forecasts is not caused by errors in the meteorological forecasts. However the air quality monitoring station is not located together with the meteorological station.
Neither does the meteorological station measure all the parameters that go into the air quality model. Observations of inversion layer are limited to measurements of temperature in 2 and 25 m in the presented case. Experiments have been performed to address the error made by the pre-processor in AirQUIS. Figure 2 shows the resulting NO2 forecasts from AirQUIS using dispersion parameters calculated by the pre-processor compared to AirQUIS using dispersion parameters calculated by the meteorological model MM5. and from MM5 (blue) compared to observations (red) (from Slørdal and Ødegaard, 2005) Both in the pre-processor and in MM5 the dispersion parameters are calculated using Monin-Obukov similarity theory. The difference is therefore due to a timestep update of the parameters going into the parametrization scheme rather than an hourly update in the pre-processor. The figure shows that this difference has very small impact on the results.
Issues to consider for NWP models providing data for air pollution models
All air pollution modeling systems at met.no are presently developing to include other types of meteorological drivers at finer For all these applications, special attention should be given to the interfaces between dynamical and chemical processes.
While it is recognised that a on-line coupling of these processes will be ultimately necessary, there are still a series of processes that need special attention also under off-line applications, as named below.
Surface classes
For consistent calculation of boundary layer parameters in off-line coupling the land-use classes in the meteorological model should ideally match the land-use classes present in EMEP (Table 2 ). In the coupling with HIRLAM where five land-use classes are present only, and no parameters to distinguish needle leaf forest from broad leaf forest, is thus not fully consistent.
Physical parameterizations
CTM models can make use of atmospheric parameters that are output from some parameterization schemes. Boundary layer parameters have to be calculated inside CTM models or in pre-processing if not available from the meteorological model. 
